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METHOD AND DEVICE FOR PRODUCING
MIRROR UNITS FOR HELIOSTATS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a §371 national stage entry of Interna-
tional Application No. PCT/DE2012/000760, filed Jul. 26,
2012, which claims priority to German Patent Application
No. 102011 108 715.3 filed Jul. 28, 2011, the entire contents
of which are incorporated herein by reference.

The present invention relates to the production of mirror
units of heliostats.

A heliostat is a mechanical device having a reflective sur-
face, which always reflects the sunlight onto the same fixed
point, irrespective of the change in the position of the sun in
the daytime sky.

The probably earliest mention of heliostats will be found in
abook by the Dutch physicist Willem J. Gravesande from the
year 1742.

DE 20 2007 008 593 U1 discloses a heliostat for solar
tower power plants having an upright and a carrier device
arranged thereon, which accommodates a reflector, so that the
attitude of the reflector in relation to the altitude of the sun can
be varied about an axis of rotation and a pivot axis.

In this device, the object that is to be achieved is to devise
a heliostat in which the production costs are low, the perma-
nent operating costs are low and exact driving of the reflector
is possible.

This object is achieved, according to the features in the
characterizing clause of claim 1, in that the adjustment of the
position of the reflector is provided by using a hydraulic drive
unit, and in that the electric drive unit comprises at least one
hydraulic lifting cylinder for initiating a rotational movement
and at least one hydraulic lifting cylinder for initiating a
pivoting movement.

Furthermore, provision is made for the hydraulic drive unit
to have a pump assembly and at least one hydraulic reservoir
for driving the hydraulic lifting cylinders connected thereto
and for a positive pressure to be applied to the hydraulic
reservoir.

It is further seen as an advantage in this solution that, in the
event of a power failure, the reflectors can be moved rapidly
out of the focus by means of the preloaded hydraulic system
in order to prevent overheating or destruction of the absorber.
However, because of the multiplicity of flanged plates fitted to
the respective reflector and the associated fastening points on
the carrier frame, exact adjustment of the reflectors with
regard to the curvature in the direction of the absorber of the
solar tower power plant is not possible, since the expenditure
on time for this purpose would be immense. As a result, there
follows a reduction in the efficiency, although this has hith-
erto been accepted on account of the enormous expenditure
on time for adjustment. In an array of heliostats of such a
heliostat installation, curving of the reflector is performed on
some groups of reflectors. As a result of the fixed clamping of
the reflector in relation to the carrier frame and the stress
produced in the reflector following the adjustment of the
curvature, it is possible for destruction of the reflector to occur
as a result of external influences, such as stone impacts or
squalls. The different thermal expansions of the reflector
housing and the carrier frame also increase the risk of break-
age further in this case.

DE 31 33 906 A1 discloses a radiation reflector supporting
structure and a method for the production thereof which,
amongst other things, is also conceived for use in solar col-
lectors. Sun or solar collectors of the type concerned in this
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case can be constructed in the form of rotational paraboloids,
which are frequently also designated shallow shells, which
focus reflected sunlight onto a single focal point, which
moves with the shallow shell. Furthermore, mention is made
here of the fact that two-axis heliostats focus reflected sun-
light onto a fixed focus at the tip of a tower and, alternatively,
such reflective surfaces can be trough-like with a parabolic
cross section, sunlight being focused onto a linear focus.

In DE 31 33 906 Al, devising an improved rear-side sup-
porting structure for reflective surfaces of sun reflectors,
amongst others, is intended; it should be possible for the
supporting structure to be produced from economical struc-
tural materials which nevertheless fulfill their purpose to a
sufficient extent.

In order to achieve this object, according to patent claim
14, a trough-like solar reflector is proposed which has a
reflector in the form of a parabolic trough with a longitudinal
axis of symmetry for the reflection of sunlight and for focus-
ing the reflected sunlight onto a linear focus, and having a
rear-side supporting structure, this supporting structure hav-
ing the following features:

1) a thin layer of glass fiber reinforced concrete applied in

an adhering manner to the rear surface of the reflector,

2) a torque support cast monolithically onto this layer,

which extends parallel to the longitudinal axis of the
reflector and lies in a plane bisecting the reflector, and

3) a plurality of transverse ribs, which extend from the

torque support outward to both edges of the reflector,
wherein the torque support and the transverse ribs are
tubular and each have a form coated with a thin layer
of glass fiber reinforced concrete.
These examples listed from the prior art are not suitable for
mass production of precisely fabricated mirror units.

It is therefore an object of the present invention to devise a
device and a method for producing mirror units for heliostats
which ensure precise and stress-free fabrication.

This object is achieved by the device as claimed in claim 1:

A device for producing mirror units for heliostats compris-

ing a main body as carrier of a reflective surface and a

fixing carriage to ensure stress-free mounting of the

main body during production, comprising the following

features:

a) a feed for main bodies (13) by means of a mirror
carrier delivery feed (3),

b) a feed for fixing carriages (2) by means of running
rails (4),

c¢) a device for transferring a main body (13) into a fixing
carriage,

d) a mirror feed (8),

e) an adhesive bonding device (5),

f) a device for pressing on a main body (13) with a
plurality of mirrors (11),

g) a measuring device (9) for checking relevant toler-
ances of the production process.

Claim 2:

The device as claimed in claim 1,

characterized in that

each fixing carriage (2) has, on its two opposite transverse

sides, holding plates (18, 28) which each ensure the
mounting of a main body (13) by means of a two-point
mounting, wherein both holding plates (18, 28) can be
actuated pneumatically and, in addition, on one side, a
holding plate (18) permits slight rotation of the main
body (13) via a rotating and fixing device (17, 21), and
wherein stress-free fixing is carried out by means of a
locking brake.
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Claim 3:

The device as claimed in claim 1 or 2,

characterized in that

the output signal from the rotational angle sensor is used
for quality control.

Claim 4:

The device as claimed in one of the preceding claims,

characterized in that

the main body (13) is provided with lateral fixing points
14).

Claim 5:

The device as claimed in one of the preceding claims,

characterized in that

by means of the adhesive bonding device (5), a plurality of
parallel beads of adhesive (10) of different thickness are
applied simultaneously.

Claim 6:

The device as claimed in one of the preceding claims,

characterized in that

the device for pressing on a main body (13) with a plurality
of mirrors (11) has a pressure plate (29) which is flex-
urally rigid in all directions and, on its active surface, has
anadjustable curvature which corresponds to the desired
curvature of the mirror surfaces.

Claim 7:

The device as claimed in one of the preceding claims,

characterized in that

the measuring device (9) has means for checking all the
relevant parameters which can have fabrication toler-
ances.

and, respectively, the method as claimed in claim 8:

A method for producing mirror units for heliostats having
a main body as a carrier of a reflective surface and a
fixing carriage to ensure stress-free mounting of the
main body during production, comprising the following
features:
a)main bodies (13) are fed to a production line by means

ofamirror carrier delivery feed (3), wherein said main
bodies are either fabricated on site from metal sheets
by means of connecting means or are supplied in
fabricated form,

b) fixing carriages (2) are fed to the production line by
means of running rails (4), wherein said fixing car-
riages have, on each transverse side, means for a two-
point mounting of a main body (13) and, by means of
play-free mounting of the main body (13) on one of
the two sides by means of a rotating and fixing appa-
ratus (17, 21), stress-free mounting is ensured,
wherein any possible rotation of the main body (13)
resulting therefrom is registered by means of a sensor,

¢) in each case a main body (13) is transferred into a
fixing carriage (2) by means of a gripping apparatus
and fixed without stress by pneumatic means,

d) by means of an adhesive bonding device (5), a plural-
ity of parallel beads of adhesive (10) of different
thickness are applied simultaneously,

e) via a mirror feed (8), by means of a gripping appara-
tus, in each case a mirror (10) is removed from a store
and is placed on the surface of the main body (13)
provided with adhesive, wherein this operation is
completed when the entire envisaged surface is cov-
ered with mirrors (10),

1) the main body (13) covered with mirrors (10) in this
way is fed to a device for pressing on the mirrors (10)
with the main body (13) by means of a pressure plate
29).
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g) following the completion of the adhesive bonding
operation, the fixing carriage (2) is fed to a measuring
device (9), in which all the relevant parameters of the
production process are checked for impermissible tol-
erances.

Claim 9:

The method as claimed in claim 8,

characterized in that

the device for pressing on the mirrors (11) with the main
body (13) has a pressure plate (29) which is flexurally
rigid in all directions and, on its active surface, has an
adjustable curvature which corresponds to the desired
curvature of the mirror surfaces.

Claim 10:

A computer program comprising a program code for car-
rying out the method steps as claimed in either of claims
8 and 9 when the program is executed in a computer.

Claim 11:

A machine-readable carrier comprising the program code
of a computer program for carrying out the method as
claimed in either of claims 8 and 9 when the program is
executed in a computer.

In essence, this solution consists in that the stress-free
mounting and placing of the mirrors used on the main body at
a high cycle rate of the fabrication of mirror units is achieved
by means of constructional measures.

The device according to the invention will be described in
more detail below.

In the figures, in detail:

FIG. 1 shows a plan view of the production installation

FIG. 2 shows a cross section of the main body of the mirror
unit

FIG. 3 shows a plan view of a mirror unit

FIG. 4 shows an oblique view of the holding area of a fixing
carriage

FIG. 5 shows a section A-A of the fixing and rotating area

FIG. 6 shows an oblique view of the fixing area of a fixing
carriage

FIG. 7 shows a cross section from the pressing area of the
mirror unit.

FIG. 1 shows a plan view of the production installation
according to the invention for heliostat mirror units 1, com-
prising five mirrors 11 which are located beside one another
but which are not designated here, for clarity. This heliostat
mirror unit 1 is mounted in a fixing carriage 2. lllustrated in
the left-hand area of FIG. 1 here is a measuring device 9, in
which the quality testing of the heliostat mirror units 1 sup-
plied by the production line is carried out. The function
thereof will be explained later. Here, all the tolerance areas of
the relevant fabrication dimensions are monitored and, if
necessary, faulty specimens are separated out.

The position of the heliostat mirror unit 1 shown here
identifies the central production line, in the area of which the
necessary workpieces are supplied from both sides and
accesses are made to the workpieces in the production pro-
cess.

In the right-hand area of the installation shown in FIG. 1, a
mirror carrier delivery feed 3 feeding the central production
line is shown. A mirror carrier comprises an elongated mold-
ing tapering to a point on the two long sides, the length of
which molding corresponds approximately to the length of
five mirrors laid on one another. Its cross section is designated
by the designation main body 13 in FIG. 2. It will be described
in more detail there. A mirror carrier is respectively placed in
a fixing carriage 2 and fixed there without stress in a way
according to the invention, as will be described later. The
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necessary fixing carriages 2 are supplied on the running rails
4. Appropriate devices are familiar to those skilled in the art.

On the other side of the production line, opposite to the
mirror carrier delivery feed 3, an adhesive bonding device 5 is
shown. This device 5 supplies the surface of the respective
mirror carriers, the mirror carrier surface 12, with beads of
adhesive 10 in the longitudinal direction, as is to be shown
better later in FIG. 2. In the sketch-like illustration of FIG. 1,
only a tube-like feed point for adhesive is shown. It goes
without saying that, for the purpose of faster application of
adhesive, in each case each bead of adhesive is allocated such
a feed point.

In the central region of the installation shown in FIG. 1, on
both sides of this production line, apparatuses 7 for laying on
mirrors are illustrated. Here, these apparatuses 7 comprise, by
way of example, gripper robots which remove the necessary
mirrors respectively from a supply store, illustrated by way of
a sketch, wherein the general feeding of mirrors 11 is carried
out by means of the mirror feed 8. Fixing and pressing the
mirrors onto the mirror carrier surface 12 provided with beads
of adhesive 10 is carried out by means of an apparatus 6.

FIG. 2 shows a cross section of the main body of the mirror
unit. The main body 13 of a heliostat mirror unit comprises
two end plates, shown in cross section in FIG. 2, in the form
of' a molding tapering to a point on the two long sides. The
mirror carrier surface 12 has beads of adhesive 10 applied
thereto. In FIG. 2, three beads of adhesive 10 are designated
by way of example only on the left-hand side from the left
edge as far as the center. The right-hand side correspondingly
has further beads of adhesive applied thereto. The function of
the fixing points designated by 14 will be explained during the
description of FIGS. 3, 4 and 5.

FIG. 3 shows a plan view of a mirror unit. Shown here are
the five mirrors 11 lying beside one another, representing a
heliostat mirror unit by way of example, to which a plurality
of beads of adhesive 10 have been applied. Marked on the
left-hand side are the fixing points 14, which are also located
at the corresponding point on the right-hand side.

An oblique view of the holding area of a fixing carriage is
illustrated in FIG. 4. Here, two bushes 22 for the horizontal
guidance 19 of a holding and fixing apparatus are let into the
frame 15 of a fixing carriage; a pressure cylinder 23 having a
piston rod 24 is provided in the center of the two bushes 22 for
the horizontal movement of the holding and fixing apparatus.
The rotating apparatus for holding the main body 13 without
stress comprises a front rotating disk 17 which is connected to
a holding plate 18, which in turn carries two centering cones
16 and a rear rotating disk holder with locking brake 21,
which is connected to a connecting plate 20.

FIG. 5 shows a section A-A from the fixing and holding
area of the arrangement shown in FIG. 4 from the rear from
the direction of the piston rod 24. The connecting plate 22 is
designed to be smaller here than the holding plate 18 of the
front rotating disk. The designations correspond to those
described in FIG. 4. The arrows shown in the right-hand
corner of FIG. 5 are intended to indicate a possible permis-
sible rotation of the main body (13). The rotation is fixed by
means of rotating disk holder and locking brake 21. Such a
rotation is detected by means of a rotational angle sensor, not
illustrated.

FIG. 6 shows an oblique view of the fixing area of a fixing
carriage 2 on the two running rails 4, as illustrated in FIG. 1.

The area of the fixing carriage shown here corresponds to
the other end of the frame 15 shown in FIG. 4, the main body
13 being clamped in between the two end regions of the frame
15 that are shown. Also provided on this side are two hori-
zontal guides 26, corresponding to the horizontal guides 19 of
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FIG. 4, aholding plate 28, corresponding to the holding plate
18 in FIG. 4, and a piston rod 27, corresponding to the piston
rod 24 in FIG. 4. Here, the pressure cylinder 25 corresponds
to the pressure cylinder 23 in FIG. 4. The centering cones on
the holding plate 28, corresponding to the centering cones 16,
cannot be seen here.

The functioning of the fixing according to the invention of
the mirror carrier or a main body 13 consists in the mirror
carrier being fixed absolutely without stress. Any possibly
present slight distortion of the main body 13 is compensated
for by means of a rotation of the front rotating disk 17 in
relation to the position of the rear rotating disk holder 21 and
fixed by means of locking brake. Here, expediently the main
body 13 is firstly inserted into the holding apparatus shown in
FIG. 6 and then clamped in by means of the holder and
rotating apparatus, as shown in FIG. 4, and fixed without
stress by the locking brake 21 without any torsional forces in
relation to the longitudinal axis of the main body 13.

FIG. 7 shows a cross section from the pressure area of the
mirror unit by means of a device for pressing on the mirrors
(11). Here it is possible to see in cross section how, by means
of a pressure plate (29) for mirror fixing, the mirror 11 is
pressed onto the mirror carrier surface 12 until the beads of
adhesive have hardened. This device implementing the con-
tact pressure receives for its control a signal from a rotational
angle sensor which is installed in the area of the two holding
plates 18, 20 and which registers a relative rotation of these
two holding plates 18, 20 and therefore of the main body 13.
By means of the set curvature of the absolutely flexurally
rigid pressure plate 29 and the beads of adhesive 10 distrib-
uted differently in terms of thickness, the desired curvature of
the respective mirror 11 is thus permanently obtained. Further
stresses compensated for by means of the rotating and fixing
apparatus are compensated for by an appropriate distribution
of the adhesive compound. Since the position of a fixing
carriage and of the pressure plate 29 in relation to each other
are set fixedly, the position of the mirror 11 is fixed perma-
nently and exactly by means of the adhesive in accordance
with the desired stipulations, even if a main body 13 is slightly
distorted. In this way, it is ensured that each main body is
connected to the corresponding mirrors without stress.

The final quality testing of the mirror unit is likewise car-
ried out without stress in order to avoid measuring errors, with
the fixing carriage in the measuring device 9. By means of
further sensors, not only the dimensions and the load-bearing
ability of the mirror unit produced but also the relevant
parameters of the mirrors 11 are registered and a measure-
ment log is created for each mirror unit.

The control of the complex movement operations and the
signal processing of the sensors used require a specific con-
trol program of the installation.

LIST OF DESIGNATIONS

1 Heliostat mirror unit

2 Fixing carriage

3 Mirror carrier delivery feed

4 Running rails for the fixing carriages
5 Adhesive bonding device

6 Apparatus for fixing and pressing on the mirrors
7 Apparatus for laying on mirrors

8 Mirror feed

9 Measuring device

10 Beads of adhesive

11 Mirror

12 Mirror carrier surface

13 Main body of a heliostat mirror unit
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14 Fixing points of a heliostat mirror unit

15 Frame of a fixing carriage

16 Centering cone (fixing anchor)

17 Front fixing rotating disk

18 Holding plate of the front fixing rotating disk

19 Horizontal guide of the holding and fixing apparatus

20 Connecting plate (for horizontal guide and rear rotating
disk holder)

21 Rear rotating disk holder with locking brake

22 Bushes of the horizontal guide

23 Pressure cylinder of the rotating and fixing apparatus

24 Piston rod

25 Pressure cylinder of the fixing side

26 Horizontal guide of the fixing side

27 Piston rod of the fixing side

28 Connecting and holding plate of the fixing side

29 Pressure plate of the mirror fixing

The invention claimed is:

1. A device for producing mirror units for heliostats com-
prising a main body as carrier of a reflective surface and a
fixing carriage to ensure stress-free mounting of the main
body during production, comprising the following features:

a) a feed for main bodies (13) by means of a mirror carrier

delivery feed (3),
b) a feed for fixing carriages (2) by means of running rails
).

¢) a device for transferring a main body (13) into a fixing

carriage,

d) a mirror feed (8),

e) an adhesive bonding device (5),

f) a device for pressing on a main body (13) with a plurality

of mirrors (11),

g) a measuring device (9) for checking relevant tolerances

of the production process.

2. The device as claimed in claim 1, wherein each fixing
carriage (2) has, on its two opposite transverse sides, holding
plates (18, 28) which each ensure the mounting of a main
body (13) by means of a two-point mounting, wherein both
holding plates (18, 28) can be actuated pneumatically and, in
addition, on one side, a holding plate (18) permits slight
rotation of the main body (13) via a rotating and fixing device
(17, 21), and wherein stress-free fixing is carried out by
means of a locking brake.

3. The device as claimed in claim 1 wherein the output
signal from the rotational angle sensor is used for quality
control.

4. The device as claimed in claim 1, wherein the main body
(13) is provided with lateral fixing points (14).

5. The device as claimed in claim 1, wherein by means of
the adhesive bonding device (5), a plurality of parallel beads
of adhesive (10) of different thickness are applied simulta-
neously.
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6. The device as claimed in claim 1, wherein the device for
pressing on a main body (13) with a plurality of mirrors (11)
has a pressure plate (29) which is flexurally rigid in all direc-
tions and, on its active surface, has an adjustable curvature
which corresponds to the desired curvature of the mirror
surfaces.

7. The device as claimed in claim 1, wherein the measuring
device (9) has means for checking all the relevant parameters
which can have fabrication tolerances.

8. A method for producing mirror units for heliostats hav-
ing a main body as a carrier of a reflective surface and a fixing
carriage to ensure stress-free mounting of the main body
during production, comprising the following features:

a) main bodies (13) are fed to a production line by means of

a mirror carrier delivery feed (3), wherein said main
bodies are either fabricated on site from metal sheets by
means of connecting means or are supplied in fabricated
form,

b) fixing carriages (2) are fed to the production line by
means of running rails (4), wherein said fixing carriages
have, on each transverse side, means for a two-point
mounting of amain body (13) and, by means of play-free
mounting of the main body (13) on one of the two sides
by means of a rotating and fixing apparatus (17, 21),
stress-free mounting is ensured, wherein any possible
rotation of the main body (13) resulting therefrom is
registered by means of a sensor,

¢) in each case a main body (13) is transferred into a fixing
carriage (2) by means of a gripping apparatus and fixed
without stress by pneumatic means,

d) by means of an adhesive bonding device (5), a plurality
of parallel beads of adhesive (10) of different thickness
are applied simultaneously,

e) via a mirror feed (8), by means of a gripping apparatus,
in each case a mirror (10) is removed from a store and is
placed on the surface of the main body (13) provided
with adhesive, wherein this operation is completed when
the entire envisaged surface is covered with mirrors (10),

f) the main body (13) covered with mirrors (10) in this way
is fed to a device for pressing on the mirrors (10) with the
main body (13) by means of a pressure plate (29),

g) following the completion of the adhesive bonding opera-
tion, the fixing carriage (2) is fed to a measuring device
(9), in which all the relevant parameters of the produc-
tion process are checked for impermissible tolerances.

9. The method as claimed in claim 8, wherein the device for
pressing on the mirrors (11) with the main body (13) has a
pressure plate (29) which is flexurally rigid in all directions
and, on its active surface, has an adjustable curvature which
corresponds to the desired curvature of the mirror surfaces.
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